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Introduction *
The breakthrough of the internet and the propagation of new means of communication have substantially altered international trade patterns. Today's private consumers can interact directly and in real time with e-retailers around the world. In the quest for the best deal, they arbiter between the prices offered by businesses locally and those offered by online shops worldwide. As pointed out by Hortaçsu et al. (2009) , the emergence of e-commerce has lowered search costs for consumers. If information on prices and products is getting easier to access, we need to ask whether consumers are taking advantage of international arbitrage opportunities and if yes to what extent.
The key determinant of price differences between home and abroad is the exchange rate. The paper investigates how favorable nominal exchange rate changes stimulate, in the short-run, ecommerce exports to a given destination. The hypothesis is put under scrutiny with the help of a dynamic specification of a demand equation using Pesaran et al.'s (1999) vector error correction (VEC) model for panel data. To abstract from supply shocks, we exploit a new high-frequency international postal parcel flows collected at dispatch by the Universal Postal Union (UPU) as a proxy and combine it with weekly exchange rate data. While international parcel postal flows are highly correlated to traditional trade flows, they originate mainly from e-commerce transactions. Therefore, they constitute the perfect measurement unit for cross-border e-commerce (physical) trade. 1 Our analysis unveils two important facts. First, arbitrage is indeed happening in online markets.
However, we find online exchange rate elasticities to be lower than the traditional offline estimates.
While the average exchange rate elasticity (Head and Mayer, 2014 ) is of 1.4 %, we find an expenditure switching effect that is half as important (0.7 %). The direct consequence of this finding is an average bilateral exchange rate pass-through into import prices of about 50 %. The finding is similar to the one of Gorodnichenko and Talavera (2017) , who already shown how exchange rate pass-through between Canada and the US is of about (60-75%) using price data scrapped from online retailers. The paper confirms that phenomenon using actual quantities shipped for a variety of trading partners instead of listing prices.
The debate on exchange rate pass-through has mostly focused on the prevalence of producer currency pricing (PCP) versus local-currency pricing (LCP) (among others; Campa and Goldberg, 2005; Burstein and Gopinath, 2014; Devereux et al., 2017) . Low exchange rate pass-through has often been attributed to the prevalence of local-currency pricing. This is in contrast with our second finding; low pass-through may be observed even when there is little LCP. This result is intrinsic to the nature of our database which primarily deals with flows deriving from international ecommerce transactions where PCP is more prevalent. This makes the overall contribution of our paper twofold. We test the hypothesis of international consumer arbitrage from demand data at an unprecedented high frequency and we provide evidence of low exchange rate pass-through even in the absence of LCP.
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We face two main challenges while testing the hypothesis of international arbitrage. First, we need to obtain reliable high-frequency data on e-commerce trade flows. As with arbitrage in financial markets, arbitrage in the goods market requires observing how consumers react to frequent price changes. We solve the issue by exploiting a new database on international parcel exchanges by the UPU. Second, monetary policy may well be endogenous to trade flows.
Therefore, the empirical analysis focused only on highly integrated markets where exchange rate policy is considered exogenous to trade as of IMF exchange rate regimes de facto classifications.
The findings in the paper are important for at least three reasons. First, exchange rate movements have regained substantive attention during and in the aftermath of the Great Recession. As several countries have applied expansive monetary policies, macroeconomists have been repeatedly confronted with questions related to the role of monetary policy in restoring economic competitiveness, often questioning the impact of alleged currency manipulations. An important challenge for empirical research is the observation of short-run trade aggregates. In the paper, we present a new database that observes trade at an unprecedented high-frequency and allows for tracking those changes in almost real time.
2 In the macroeconomic literature that deals with sticky prices and exchange rate movements different assumptions are made regarding the pricing by producers (e.g. Engel (2002) or Goldberg and Tille (2008) ): First, several models assume producer currency pricing in which prices are set in the producer's currency. The second option is local currency pricing in which the producers set the price in the consumer's currency. Staiger and Sykes (2010) show that depending on the type of pricing applied the effects of currency movements cannot be easily translated into tradepolicy equivalents as the effect hinges critically on the type of pricing applied. Adding to this literature Gopinath and Itskhoki (2010) find evidence for U.S. imports showing a large difference in the pass-through of the average good priced in dollars (25%) versus non-dollars (95 %).
3 Second, with online markets growing more and more important, it is necessary to assess if exchange rate changes have the same impact as they would have in the offline world. The two key elements affecting exchange rate elasticities offline are price stickiness and pricing to market (Corsetti and Dedola, 2005 (Boivin et al., 2012; Cavallo, 2017) , none of them deal with true physical quantities that cross borders.
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The remainder of the paper is structured as follows. Section 2 describes the features of the Universal Postal Union Database. Section 3 presents the dynamic model for testing international arbitrage. Section 4 discusses the results and Section 5 concludes.
3 In their theoretical work, they model prices in a way that they only respond mildly to nominal exchange rate changes and therefore significant cross-border price differentials between countries can be observed. In their model this is because firms tend to price to the market. 4 Among others, Burstein and Gopinath (2013) find that nominal exchange rate movements do not impact domestic sale prices. In the short-run there seems to be low exchange rate pass-through. Despite these rich insights, the BBP lacks daily trade flows data to complete the picture. Our dataset adds for the first-time data on quantities effectively traded across borders.
Data
In our regression analysis, we use two main databases. The international postal database of the UPU and an exchange rate database constructed by Bloomberg. We start by explaining why the postal network is important for international trade and how postal flows are related to traditional trade. We then present the postal ow database sourced from data collected by the UPU as well as the exchange rates data. Finally, we describe the dataset used for estimation.
Postal Table 2 ). Given this strong correlation, it is not surprising that the international postal exchanges are assumed to reflect the evolution of The postal data used in this study is based on entries into the electronic data interchange (EDI) system of the UPU, which is a real-time messaging system used to organize cross-border postal operations at the international level. In the EDI system, every postal item that is dispatched internationally is scanned and tracked at several stages of the international postal process until it reaches its _nal destination. For a visual overview of the messaging system refer to September 30th, 2014, we calculated the weight and the amount (in terms of number of items), by mail class that every postal operator sent to its partners. As specified in Table 3 , our postal data of aggregated EDI messages covers entries from 171 exporters and 172 importers (postal operators) for a total of 12'832 country-pairs (corridors). In total, we count 8'848'313 non-zero entries.
< Table 3 about here > 7 The daily aggregated data of postal exchanges presents several statistical challenges. First, postal flows are not uniformly distributed during the week as reported in Table 4 . In addition, few countries do not have daily postal flows and dispatches are only sporadic. This is mainly due to logistical reasons and market size. Secondly, there are many zero records (around 70% of the sample) as we illustrate in Table 3 . The zeroes come from three different sources. First, postal flows are scarce during weekends accounting for 30% of the zeros. Second, in some country-pairs exchanges are very little or non-existent. Third, some countries have exchanges exclusively on some days of the week, because of logistics reasons. Therefore, many of the zeros are such because of the high frequency of the data.
< Table 4 about here >
We retrieved daily exchange rates from Bloomberg. 7 We collected 144 spot prices towards the US dollar in direct quote. The direct quote allows us to have homogeneous quotes in terms of US dollars. We computed the bilateral exchange rates by dividing, for a given country-pair, their respective spot prices. An increase of the newly computed exchange rates is considered as a depreciation in the exporting country. The spot prices are those at the closure of the London exchange market. We chose London to simplify the collection of the data and because of the importance of this stock exchange platform. As a corollary, we use the business calendar of the London stock exchange, which implies that we do not observe exchange rates during weekends.
For the sake of simplicity, we assume the latter to be equal to the ones of the preceding Friday.
The spot prices for the 14'148 corridors where computed by dividing each country relative spot price with respect to the US Dollar. The daily data spans from October 1 st , 2010, to September 30 th , 2014.
For our study, we have eliminated all countries with exchange rate regimes that are either pegged or managed. The reason for this is that in most managed or pegged exchange rate regimes, the consumer is unable to undertake international arbitrage, as small deviations from the targeted exchange rate are immediately corrected. Our study thus only includes countries with a floating exchange rate regime as of the de facto classification of the International Monetary Fund (IMF).
In addition, in order for international consumer arbitrage to happen, countries need to be internationally well integrated and to have a high share of the population with internet access. In 7 http://www.bloomberg.com/.
our sample we count 26 countries (most of them are countries with high per capita incomes) with de facto floating exchange rates according to the IMF classification in August 2012, see Table 6 .
After excluding all bilateral pairs which use the same currency (e.g. postal ows among Euro zone countries), we count a total number of 406 corridors with an average of 814 observations each.
Another important feature of this sample restriction is that most of the remaining economies are developed countries.
< Table 5 about here > < Table 6 about here >
A Dynamic Model for Testing International Arbitrage
The main objective of our econometric analysis is to test the hypothesis of international Notice that given the large time and cross-sectional dimension, equation (1) does not suffer from the typical endogeneity problem of dynamic panels. However, the problem with this specification is that it is overly restrictive. It assumes that all country pairs have the same dynamic coefficient and the same reaction to exchange rate shocks. Traditionally, such a problem would have been tackled using one of the two following procedures: run separate regressions for each group and analyze the distribution of the estimated coefficients across groups. The key result would then be the mean of the estimates, which is called the mean group estimator, and which yields a consistent estimate of the average of the parameters. However, the estimation does not consider that some parameters may be identical across groups. The second econometric approach would be to estimate pooled estimators, such as the fixed or random effects estimators. Using that approach, the intercepts are allowed to differ across groups while it is assumed that all other coefficients and error variances are identical. Pesaran et al. (1999) have developed an intermediate approach which
we argue is the most appropriate for our problem, as it allows intercepts, short-run coefficients and 9 error variances to differ across groups, but the long-run coefficients are assumed to be the same.
Pesaran's (1999) vector error correction (VEC) is specifically designed for dealing with panels with large time and group dimensions, where one needs to distinguish short-run effects from equilibrium effects. In addition, the model yields consistent estimates even if the time series are non-stationary. We therefore specify the model in a way that identifies the impact of transitory short-run shocks and of permanent equilibrium shocks. Stacking up the time series for a given country-pair, ij, the Pesaran's PMG estimator focuses on the equation: Our dependent variable, taken as a proxy for consumption, is the seasonally adjusted consumption of international parcel flows. As we discuss in section (2) postal dispatches show seasonal patterns specific to each corridor. This is mainly due to logistics of the network and purely seasonal effects. The seasonal adjustment is done by taking the residual for each country-pair, between parcel flows and a regression of first-differenced (detrended) postal flows with week dummies. As a result, the adjusted dependent variable does not contain seasonal components. 8 We choose the dummy variable technique because of the deterministic type of seasonality exhibited in postal networks. Therefore Δ ln is the percentage change of seasonally adjusted parcels dispatched from country i to country j. 9 ln is the exchange rate and Δ ln ,− and Δ ln ,− are the p lags of the percentage change in parcels and in exchange rates. is the error term assumed to be Gaussian for every time series.
The interpretation of model (2) is very appealing. On one hand, it assumes that there is an underlying equilibrium relationship ( ) with the same parameter for every panel. The equilibrium relationship refers to how parcel flows change following a permanent nominal depreciation. is seen as the elasticity of dispatched parcels from country i to country j following a permanent one percent depreciation of country j currency. On the other hand, the speed of 8 When not seasonally adjusted, the relationship with the exchange rates seems stronger. However, this might be mainly due to confounding deterministic effects. Our approach is more conservative. 9 For clarity of exposition, we drop the time index in the discussion.
returning to the equilibrium, or error correction term is country-pair specific. This allows for more flexibility. Following a temporary shock of the system, the average of is the percentage time that it takes to return to the equilibrium. A significant and negative average is a necessary condition for the existence of the equilibrium relationship. The short-run parameters, , , are specific to each corridor. This controls for the fact that for some country-pairs' short-run movements can be more important because of stronger economic ties. The short-run parameters are response to a temporary shock. 10 The specification allows for a time invariant ( being a vector of ones of dimension 180) corridor fixed effects. We discuss the estimation of equation (2) in section (4).
Estimation Results
We estimated models (1) and (2) for a sample of countries classified by the IMF as having a free-floating exchange rate regime. This way we may consider the determination of the exchange rate to be exogenous to monetary policy. The estimation sample contains mostly well integrated economies with a large percentage of the population having internet access. This suits well the purpose of our study, however the inference we make relates only countries with similar characteristics.
< Table 7 about here > Table (7) shows the estimation results of model (1) with country pair fixed effects for different lag values of the exchange rate. The coefficient that matters the most is the one on the one-week lagged exchange rate, 1 . The preferred specification is the one in column (6) as it has countrypair fixed effects and time fixed effects. The magnitude of the 0.4 % exchange rate elasticity can be interpreted as follows. Suppose that ln , −1 goes up temporary by 1 % (origin's currency appreciates) and the next period goes back to its previous value; then parcel flows (origin's exports) decrease by 0.4 %. This is the result of a temporary increase. In contrast if ln , −1 rises permanently and the initial system was at the steady state (ln = ln , −1 ) then the permanent effect on parcels is:
In Table 8 we show the result for the PMG estimation of model (2). We present four models with different lag structures. The number of lags represents the order of the underlying VAR model. We estimate model (2) by profiled maximum likelihood with a custom modified version of Pesaran`s Stata command xtpmg. The custom command is available upon request. 11 The shortrun and error correction coefficients displayed are the average of the corridor specific coefficients.
For the 4 specifications the system exhibits very few short-run dynamics. In fact, the short-run coefficients for the exchange rate are mostly statistically zero. Absence of such dynamics might be due to the fact that exchange rate depreciations are transmitted very quickly into the internet market or that only permanent depreciations have an effect. Thus, temporary shocks have little impact on exports. The error correction coefficient is negative and close to 0.4. Given a temporary shock, consumption returns to half its original value in 5 days. The equilibrium relationship suggests that a 1 % permanent appreciation will decrease bilateral parcel exports of about 0.62 to 0.7 %. The finding is robust with the long-run parameter of model (1).
< Table 8 about here >
Discussion and Conclusion
For the first time, we use a high-frequency international exchange database to assess the question of international consumer arbitrage on the online market. Postal flows form an integral part of international trade and the scale economies of its network allows consumers to face low transport costs. This, coupled with price rigidity and low search costs allows for international arbitrage.
Combining weekly postal flows with weekly exchange rate movements, we find that exchange rate fluctuations do indeed matter for bilateral trade flows. A permanent currency appreciation triggers an increase of postal inflows by the magnitude of 0.6-0.7 %. However, this value goes against the traditional estimates of the elasticity of substitution. Traditionally, the empirical literature surveyed by Anderson and van Wincoop (2004) has found the elasticity of substitution, , to be between 5 and 10 for most goods when estimated through tariff changes. Recent work by Simonovska and Waugh (2014) extending the methodology of Eaton and Kortum (2002) suggests a value of 4, that is closer to the lower bound of the typical estimates. Head and Mayer (2014) point out that 11 It is mainly based on Pesaran's command, but with a few improvements in the likelihood part of the algorithm. In particular, the command supports a much larger number of groups and it takes advantage of the Mata language to speed up the last passages.
elasticities are much lower when estimated with exchange rate changes. In particular the average value is around 1.4 for most studies. Still, our estimate is only half of this magnitude.
The model presented in section (3) assumed implicitly that import prices move one to one with exchange rates. If we relax this assumption and we assume an imperfect exchange rate passthrough of _, we would obtain that the total price change following an exchange rate appreciation is the product between the exchange rate pass-though and our elasticity parameter: ln ln = × ⏟ − ℎ ℎ = = 0.7 ⇔ = 0.5
Our estimated parameter would then be interpreted as the product of two structural parameters.
The exchange rate pass-through, , and the elasticity of substitution between varieties, . An elasticity of substitution of 1.4 combined with our estimates of 0.7, yields a pass-through of about 50 %. Arbitrage opportunities will therefore be reduced because of low exchange rate passthrough. Our finding is surprising since most economic models suggest that low pass-through comes mostly from LCP; a pricing behavior incompatible with the nature of our data.
Future extensions of this research are to investigate the rationale behind low exchange rate passthrough in the absence of LCP or why we observe so little international arbitrage. A possible explanation could be that while it is easy to compare prices of domestic retailers on the internet, it is hard to do so for foreign retailers. Thus, consumers may face lower search costs domestically than internationally. In the near future, systematic information on customs declarations, including value, quantity and good category for each international postal shipment, will be collected across countries.
Forthcoming access to this customs declaration data will enable the analysis of consumer arbitrage at the most disaggregated HS-6 level and estimate exchange rate elasticities for each individual good. This could lead to a new classification of goods between the ones that are subject to international arbitrage and others with relatively inelastic reactions to exchange rate variations, namely 'proximity goods', a new category of implicitly non-tradable goods. These goods would benefit from some sort of preference for proximity consumption due to specific characteristics, such as high transportation costs or the availability of local after-sale service.
To conclude, international e-commerce is reshaping consumers and producers' behavior worldwide. As for goods ordered online, it is time for economic science to start tracking and analyzing today's and tomorrow's consumption and production patterns. International e-commerce 13 constitutes an important fast-growing part of international trade in the 21 st century. We hope that our research sheds new light on today's international e-commerce and that in the future, the database presented in this paper can be used in various ways to further our understanding of today's trade patterns.
